A Dyson sphere is a hypothetical megastructure that encompasses a star and captures 
a large percentage of its solar power output. The concept is a thought experiment that 
attempts to imagine how a spacefaring civilization would meet its energy requirements 
once those requirements exceed what can be generated from the home planet's 
resources alone. Because only a tiny fraction of a star's energy emissions reaches the 
surface of any orbiting planet, building structures encircling a star would enable 

a civilization to harvest far more energy. 


Many variant designs involving an artificial structure or series of structures to 
encompass a star have been proposed in exploratory engineering or described 

in science fiction, often under the name "Dyson sphere". Fictional depictions often 
describe a solid shell of matter enclosing a star - an arrangement considered to be 
impossible. 


Energy collectors around a distant star would absorb and re-radiate energy from the 
star. The wavelengths of such re-radiated energy may be atypical for the star's spectral 
type, due to the presence of heavy elements not naturally occurring within the star. If 
the percentage of such atypical wavelengths were to be significant, an alien 
megastructure could be detected at interstellar distances. This could indicate the 
presence of what has been called a Type II Kardashev civilization. 


The Kardashev scale (Russian: LUkana Kapgawésa, romanized: Shkala Kardashova) is a 
method of measuring a civilization's level of technological advancement based on the 
amount of energy it is capable of using. The measure was proposed 

by Soviet astronomer Nikolai Kardashev (1932-2019) in 1964 and was named after him. 


e A Type II civilization can directly consume a star's energy, most likely 
through the use of a Dyson sphere. 


Although Dyson sphere systems are theoretically possible, building a stable 
megastructure around the Sun is currently far beyond humanity's engineering capacity. 
The number of craft required to obtain, transmit, and maintain a complete Dyson sphere 
exceeds present-day industrial capabilities. George Dvorsky has advocated the use 

of self-replicating robots to overcome this limitation in the relatively near term."2 Some 
have suggested that Dyson sphere habitats could be built around white dwarfs? and 


even pulsars. 


Stellar engines are hypothetical megastructures whose purpose is to extract useful 
energy from a star, sometimes for specific purposes. For example, Matrioshka 
brains have been proposed to extract energy for computation, while Shkadov 


thrusters would extract energy for propulsion. Some proposed stellar engine designs are 
based on the Dyson sphere. 


Stellar engines are a class of hypothetical megastructures which use the resources of 
a star to generate available work (or, in other words, to generate energy). For instance, 
they can use the energy of the star to produce mechanical, electrical or chemical work 
or they can use the impulse of the light emitted by the star to produce thrust, able to 
control the motion of a star system.“ The concept has been introduced by Badescu and 
Cathcart. The variants which produce thrust may accelerate a star and anything 
orbiting it in a given direction. 


Given certain technological assumptions, such as improved automation, the task of 
constructing Dyson spheres, designing replicating probes, and launching them at 
distant galaxies, become quite feasible. The dynamics of such a project, including 
issues of deceleration and collision with particles in space. Using similar methods, 
there are millions of galaxies that could have reached us by now. This results ina 
considerable sharpening of the Fermi paradox. 


The Fermi paradox is the discrepancy between the strong likelihood of alien 
intelligent life emerging (under a wide variety of assumptions) and the absence of 
any visible evidence for such emergence. In this paper, we extend the Fermi 
paradox to not only life in this galaxy, but to other galaxies as well. We do this by 
demonstrating that travelling between galaxies - indeed even launching a 
colonisation project for the entire reachable universe - is a relatively simple task 
for a star-spanning civilisation, requiring modest amounts of energy and resources 


